The present study aimed to evaluate new promising mutant lines for canola under three generations (M 6 , M 7 and M 8 ) and different locations [Ras-Suder-Sina (saline) and Inshas (harsh and poor fertility land)] for seed yield and its attributes, i.e. plant height, No. of pods/plant, seed weight/plant and 100 seed weight, as well as oil and protein content with comparison of the mother varieties. Studying the stability of new mutant lines during three generations (2014, 2015 and 2016) under two locations. The evaluation of mutant lines for seed yield and its attributes of mutant lines showed that lines 11,63.74 and 92 possessed highly significant than the other mutants and their parents for No. of pods/plant and seed weight/plant in both locations. The results confirmed more stability for mutant lines at Inshas location than at Ras-Suder location. The genetic response of genotypes under different locations confirmed the more stability of line 8 than the other mutant lines followed by lines 11, 66, 74 and 75. Oil percent was highly correlated with seed yield and its attributes as well as the improvement of seed yielding lead to improvement of oil percent. Protein content showed a negative correlation with almost yield criteria except for seed weight. The important remark of these results is the plant height as morphological criteria could be used as morphological marker for selection of high yielding new lines of canola. The results concluded that line 8 followed by lines 11, 66, 74 and 75 are excellent new genotypes which could be introduced in breeding programs to obtain new Egyptian canola varieties.
INTRODUCTION
Canola is the third largest source of edible oil after soybean and palm oil (FAS and USADA, 2012) providing 13% 0f the world supply. All current varieties of rapeseed and canola were developed from Brassica napus (2n = 4x = 38, AA CC) and Brassica rapa. (2n = 20, AA). Rapeseed is grown primarily as a source of erucic acid, which is not edible but is valuable in high-performance industrial lubricants. In the early 1970s, Canadian plant breeders used conventional breeding techniques to remove the anti-nutritional erucic acid and bitter glucosinolates from rapeseed. Removing these compounds resulted in an oilseed crop that produced edible oil low in saturated fats and a very palatable, high-protein meal for animal feed. They called the word canola (Canadian oil low acid) to describe a crop that is low in both compounds. Canola seed contains approximately 45% oil or more and produce meals with 35-40% protein. It contains 6% saturated fatty acids and 94% unsaturated fatty acids (high in monounsaturated fatty acids) and it has 50% less saturated fats than corn oil (Weiss, 1983) . Canola oil is used mainly as cooking oil and in shortening and margarine. To be considered canola, the oil and meal must both meet the following standard: oil < 2% erucic acid, meal < 30 micromoles of glucosinolates per gram. Because canola oil is very high in unsaturated fatty acids, it is considered high-quality food oil http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master Biotechnology Research * Corresponding author: Tel. : +201000509299 E-mail address: mona_farrag5281@gmail.com that is healthy in human diets (Friedt and Lühs, 1998; CODEX, 1999; Snowdon et al., 2007) .
In January 1985, the US Food and Drug Administration (FDA) granted canola oil GRAS (Generally Recognized as Safe) status for use in human foods. This has led to greatly increased sales and demand in the United States, with only part of the demand being met by US production. Canola oil has achieved worldwide commodity status and is used extensively in Japan, Canada and Europe (Berglund et al., 2007) . Canola oil is particularly desirable for frying because it has a neutral flavor and can be heated to higher temperatures than many other oils without smoking or burning. Canola meal is a highprotein (34-38%) animal feed used by the dairy cattle, and poultry industries (Ehrensing, 2008) .
Availability of genetic variability is the prerequisite for any breeding programme. The induced mutation has been extensively used for developing new genetic variation in crop plants. Literature revealed that more than 2200 mutant varieties of different crops with improved agronomic traits have been developed and released to the farmers for general cultivation all over the world (Maluszynski et al., 2000) . Mutagenesis technique has also been successfully employed in rapeseed and mustard by the plant breeders (Naz and Islam, 1979; Javed et al., 2000) to alter the genetic architecture of plant and isolate the possible mutants with desired economic plant characters (Rehman et al., 1987; Mahla et al., 1990; Robbelen, 1990) . Induction of nine mutant lines of Canola which possessed high seed yield and oil content were shown at Farrag et al. (2012), Farrag (2013) and Amer et al. (2016) . Therefore, the present study aimed to condect genetic evaluation of new promising mutant lines under different seasons and different locations for seed yield and its attributes, as well as oil content with comparison of the mother varieties.
MATERIALS AND METHODS

Materials
Plant materials
Nine mutant lines which were derived from four varieties i.e. Serow4, Serow6, Pactol and Evita of canola (Brassica napus L.)" in the study of the M.Sc. Thesis" using gamma rays were used at the present study (Farrag et al., 2012; Farrag, 2013; Amer et al., 2016) . The important criteria (Seed weight/plant and oil content) for these mutant lines and its original derived varieties were shown at the Table 1.
Methods
Bulked seeds of the best five plants from each line of nine mutants and their parents were sown in experimental design with three replicates at the two locations (Inshas and Ras-Suder) throw three successive generations (M6, M7 and M8) at seasons 2014, 2015 and 2016.
In 2014/2015 season, mutant lines were sown with four parents at two locations, the split-plot design with three replications was used during the evaluation of three seasons (2014/2015, 2015/2016 and 2016/2017) . The data were collected on the following characters: plant height, number of pods/plant, seed weight g/plant and weight of 100 seeds (g).
Oil percent and protein (%) of seeds during the last season (2016/2017) were measured.
The data were collected on the following characters.
Seed yield and its attributes during three seasons
-Plant height (cm).
-No .of pods/plant.
-Seed weight/plant (g).
Yield characteristics during the last generation
-Pod thickness. (cm).
-Pod length. (cm).
-No. of seeds/pod.
Vegetative characteristics after 30 days after sowing during last generation
-No. of leaves/plant.
-Shoot fresh weight (g). -Shoot dry weight (g).
-Root dry weight (g).
Seed quality during the last Generation
-Oil (%) of seeds, according to Mccabe and Smith (1956) .
-Protein (%) of seeds. According to Concon and Soltess (1973).
Statistical Analysis
-Combined analysis was done according to Nissen (1983).
-Genetic analysis and heritability as well as correlation coefficient were determined according to Singh and Chaudhary (1993).
-Analysis of variance and mean value were analysis according to Gomez and Gomez (1983) and Singh and Chaudhary (1985) .
RESULTS AND DISCUSSION
Stability of Nine Mutant Lines Under Two Different Locations and Three Successive Generations
Mean performance of mutant lines for plant height under different conditions
During three generations, plant height (cm) was recorded at maturity stage ( Fig. 1 ). All mutant lines possessed an increase of plant height compared with their parents under the two different locations. At Inshas location, line 38 possessed more stable for plant height during three successive generations. Lines 63, 74 and 75 had intermediate homogeneity at three successive generations, these four mutant lines consider as a good stability under Inshas location.
At
Ras-Suder location, the mean performance of plant height was different from generation to generation except line 8 and line 74 they found high broad sense heritability for phenological traits, plant height and seed yield demonstrating selection gain for improving these traits will be high. Pods on main axis and pods per plant had high value of genetic coefficient of variation and also were significant correlated with seed yield.
Mean performance of mutant lines for number of pods/plant under different conditions
Large variations were recorded at M 6 , M 7 and M 8 generations for number of pods/plant among these lines, except line 38, 66, 74, 75, 87 and 92 possessed more stability for number of pods/ plant at M 6 and M 7 generations, it confirmed the stability of these mutant lines under Inshas location ( Fig. 2) . At Ras-Suder location, lower number of pods/plant was recorded than Inshas location. The lines 8 and 11 had higher number than other mutants at 7 th generation. Therefore these two lines consider as the important lines in the next selection generations.
The results of number of pods agree with studies of 
Mean performance of mutant lines for seed weight/plant (g) under different conditions
The same trend for seed weight/plant was observed, long variation was shown between three successive generations (Fig. 3) . The mutant line 8 alone more stable for seed weight/ plant for all successive generations at Inshas and Ras-Suder locations. This line consider as an excellent genotype, which it throws to registration new Egyptian variety in canola. Line 8 followed by 63, 66 75, 87 and 92 at Inshas location. At Ras-Suder location line 8 followed only by line 11which they are more stable than other lines. These results agree with these obtained by Syed and Rahman (2009), they mentioned that all the three varieties possess high yield potential, medium-to-high oil content with the local check varieties and respective parents. Growers on appreciable areas are cultivating these varieties.
Genetic Evaluation of Mutant Lines for the Interaction of Two Different Conditions The interaction between locations and genotypes over the three successive generations
The effect of interaction response between different genotypes and two different locations were recorded at Table 2 . At Inshas location, the highly significant of all mutant lines than their parents for all studied criteria were obtained. The large difference for interaction response of mutant lines was detected under different locations. At Inshas location the range between higher and lower mean values between genotypes were (185.0-157.6) for plant height (376.0-238.7) for No. of pods/plant (41.23-27.31) for seed weight/plant and (0.4393-0.3873) for 100 seed weight. Line 8 possessed highly significant difference than its parent for all studied criteria, followed by line 11, line 66 and line 87 had significant for almost criteria except 100 seed weight. These results confirmed the importance of line 8 for more adaptability than the other lines followed by line 11, line 66 and 87 under both conditions.
These results confirmed that the environmental conditions affect the response of genotypes for saline and harsh land and may polygene mechanisms play a role at genetic control of these environmental conditions. The results agreed with Puppala et al. (1999) and Emrani et al. (2012) .
The interaction between generations and genotypes over the two locations
The mean performance of yield and its attributes in M 6 , M 7, and M 8 for mutant lines and their parents showed in Table 3 . The mean performance of mutant lines at M 6 , M 7 and M 8 showed the importance of the same mutant lines which appeared stability from season to season for No. of pods/plant and seed weight/plant as well as 100 seed weight. Line 8 possessed insignificant value between M 7 and M 8 generations for all studied criteria. These results confirmed the importance of line 8 under different locations and different generations because of more adaptability of this line and subsequently it has broad genotypes which can adaptive under different conditions and different generations. As well as, line 87 had the insignificant values between M 7 and M 8 generations for No. of pods/plant. Moreover, it possessed insignificant values between three successive generations for seed weight/plant and 100 seed weight. So this line considered as important line under different conditions. Therefore, may be ordered of lines which more stability is line 8 followed by line 87.
Lines 66, 74and 75 possessed insignificant values between two generations only for most studied characters and therefore, these lines may be considered for adaptation and testing of them at next generations. These results agree with 
Evaluation of mutant lines and their parents overall different conditions (Locations and Generations)
Finally, evaluation of mutant lines and their parents overall the three generations (M 6 , M 7 and M 8 ) and the two locations (Anshas and Ras-Suder). With regard to seed weight/plant, the highest value was noticed at mutant line 11. It could be mentioned that comparing the mutant lines with their parent, the all mutant lines significantly arise as showed at Table 4 . For plant height and number of pods/ plant criteria, the all mutant lines exhibited significant increases as compared to their parents as illustrated in Table 4 . However, only three mutant lines i.e., lines 8, 11 and 63 significantly surpassed 100 seed weight of their parents as shown in Table 4 . These findins are in harmony with the results reported by Malek et al. (2012a) . It was concluded that the overall performance of the two selected mutants, MM-10-04 and MM-08-04, was better than the popular mother variety, BARIsarisha-11. Consequently, the National Seed Board registered MM-10-04, and MM-08-04 in 2011 as two high yielding mustard varieties, Binasarisha-7 and Binasarisha-8, respectively for commercial cultivation in Bangladesh.
Genetic Analysis and Heritability for Vegetative and Yield Attributes at Final Season (M8) Generation as well as, Relationship Between Them of Mutant Lines Under Study
Vegetative criteria after 30 days of sowing during the final season
Highly significant differences among mutant lines and their parents for vegetative criteria, i.e., plant height, No. of leaves/plant, shoot fresh weight, root fresh weight and shoot dry weight at 30 days after sowing (DAS) except root dry weight at 30 DAS (Table 5 ). These results confirmed the mutants under study possess difference in the genetic background for each mutant, as well as these results good confirmed with agronomic traits especially, seed weight/ plant, No. of seeds/plant and No. of pods/plant. The mild value of heritability for these criteria, subsequently the genetic improvement of these characters could be in the following seasons. Evaluation of new mutant lines under study for vegetative criteria was shown in Table 6 . The comparison between the mean value of each mutant with their parent, showed the very important of line 8 and line 87, which had highly significant value between them and their parents. These results confirmed the importance of these two mutant lines. Line 11 possessed significant difference than the mother variety for plant height, No. of leaves/plant and root fresh weight only. The rest of mutant lines have no significant difference than the mother varieties. The results indicated that findings were in harmony with Muhammad et al. (2007) , who reported that the increase of No. of irrigation resulted significant increase of seed yield but there is no significant effect on protein and oil content.
Genetic analysis of some yield attributes, oil and protein contents of mutant lines at Inshas location
Genetic analysis of some yield attributes, oil percent and protein content of mutants under study were shown at Table 7, highly significant difference was observed for pod length, pod thickness, No. of seeds/pod, oil (%), and protein content. These large difference confirmed that selection for high yielding will success at next generations. These conclusions confirm with the heritability, especially, oil (%) (86.491%) as well as, No. of seeds/pod (72.781%).
Evaluations of mutant lines for yield attributes, oil (%) and protein content were shown at Table 8 . Line 8 possessed highly significant difference than the mother parent for pod length, pod thickness, No. of seeds/pod, and oil percentage. This line had significant value for vegetative criteria (Table 6 ). This result confirms the very importance of the line 8, which may be directly in the evaluation of new Egyptian variety at Inshas location and the similar conditions. The stability of this line considers as an excellent genotype. Lines 11, 66, 74 and line 75 possessed highly significant for almost criteria. The line 75 had the highest value of oil percent (46.555) than the other genotypes. The lower value of protein content was found for all mutant lines under study, the behavior of protein content were different than the oil percent and other criteria under study.
Finally, the previous results confirmed the importance of line 8, followed by lines 11, 66, 74 and 75. The results indicate that the yield component is an important criteria for yield improvement in canola and this agree with Seyed et al. (2012) .
Relationship between seed weight/plant and its attributes as well as oil and protein contents for mutant lines under the study of canola
Relationship between seed weight/plant and its attributes, as well as oil percent and protein content were shown at Table 9 . Important remarks were discovered in this relationships, firstly positive and significant correlation between plant height and seed weight/plant and its attributes were observed except with 100 seed weight. The second remark was confirmed in the relationship between oil percent and agronomic traits. There was the positive and significant correlation among them except 100 seeds weight. These results confirmed the importance of morphological character as plant height as marker for high yielding in canola, as well as for increase of oil percent. Protein content only possessed negative correlation between almost criteria under study, except 100 seed weight. These results of correlation agree with more previous study, i.e., (Ali et al., 2002;  Seyed et al., 2012) . They revealed that, highly variation in the treated population than the control for all traits under study specially seed weight/plant was reported. And they mentioned to analyzing the correlation between seed yield and related traits in canola by path analysis and identifying genotypes. And they find the seed weight/plant is useful in breeding high-yielding genotypes in canola under normal or stressed conditions. These results for correlation confirmed the genetic improvement of seed yield and oil percent is easier in canola for the new mutant lines under study. These results agree with Mailer et al., (1998) . He found that the high oil content of canola generally work in an inverse relationship to protein level in meal.
